This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(19) 



J) 



(12) 



(43) Date of publication: 

03.01.2001 Bulletin 2001/01 

(21 ) Application number: 00305433.5 

(22) Date of filing: 28.06.2000 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 

EP 1 065 169 A1 

EUROPEAN PATENT APPLICATION 




(51) Int. ci7: C01G 23/047, C01G 23/053 
B01J 21/06, B01J 35/00 ' 



o 

CO 

T— 

in 
to 
o 



Q. 

UJ 



(84) Designated Contracting States- 

Designated Extension States" 
ALLTLVMKROSI 

(30) Priority: 30.06.1999 JP 18573999 
07.10.1999 JP 28681699 

(71) Applicant: 

Sumitomo Chemical Company, Limited 
Chuo-ku Osaka 541-8550 (JP) 



(72) Inventors: 

♦ Sakatanl, Yoshlakl 
Nllhama-shl, Ehlme (JP) 

♦ Koike, Hlronobu 
NHhama-shl, Ehlme (JP) 

♦ Takeuchl, Yoshlakl 
Nllhama-shi, Ehlme (JP) 

(74) Representative: . 

Cresswell, Thomas Anthony 
J.A. KEMP & CO. 
14 South Square 
Gray's Inn 

London WC1R5LX (GB) 




bwLf T taniUm ° Xlde haVlng an index X 1 calculated 
by the following equation (I): 

of not more than about 0.90, and 

an index Y 1 calculated by the following equation (II): 

Y i =c VCi (||) 
of not less than about 0.075, 

wherein A 1 and represent respective half-widths of 
peaks, which are obtained by the process consisting of 
the steps: 

(i) analyzing titanium oxide eight times according to 
an X-ray photoelectron spectroscopy, 

(ii) obtaining an integrated spectrum'of an electron 
state of titanium wltrf respect to the above first anal- 
ysis and the second analysis, 

(iii) obtaining a half-width, A,, of a peak within a 
binding energy range of from 458 eV to 460 eV with 
respect to the Integrated spectrum obtained In the 
above step (ii), and 

(iv) carrying out the same steps as the above steps 
. f# <"'") with aspect to the above seventh analy- 
sis and the eighth analysis to obtain a half-width 
B,, of a peak, 

C, represents the integrated value of absorb- 



ance within a wavelength range of from 250 nm 
to 550 nm In measurement of an ultraviolet-vis- 
ible diffuse reflection spectrum of titanium 
oxide, and 

D, represents the integrated value of absorb- 
ance of titanium oxide within a wavelength 
range of from 400 nm to 550 nm, 
Is useful as a photocatalyst. 
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Description 

Field of the Invention 



c W and a p BTO c, aWc coating ^^^SSSffl-f*- -f-^SS 
Background of the Invention 

JO 

Summary of the Invention 
as . X^B^A, 

:.'■„■ ' Y,=D, ' C ' (Hi 

^ SSS^STJT" " l A ' '" d B ' S,8M hall-widths o, paa k , „ h ,ch ata c*.l„.d * ,n. process 
(i) analyzing titanium oxide eight times accordina to an x r B » r>h«»« i a 

i^ a r y r:oV^ s w wi » — - - - v — „ analysis and the 
sirs 

Ka^ ox,e ha,ng a value of an index X, calculated by the foiiow- 



X.^B./A, 

(II) 
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iv. Z .' v ."6, „, ; - 

S^Wrein, as to His equation m a. anda .»„.. • < '" > 
* oonalafino o, fna atop* 1 *' stand for resp9c „ V8 ^ Mo , ^ ^ ^ ^.^ ^ ^ ^ 

sacand ana, v a,a, SMe " Um °« " elecM " — * "'anta m -aapao. to (ha .L. firs, a„ap, si a and lhe 

teas Ihoodbou, 0.075, a valua of an ind« zToili^bl ». ,1 ' " , "" ,d b " he " >llowi "9 et o»«°" 00 of no, 



1 (I) 

1 (M) 
Z, =Y. x E, 

1 1 (III) 

' (IV) 



^2?JT«V° n A1 81 * - Peaks, which are obtained by the process 

second analysis 9 " ^ °' " ' le «™ 8t9te 0f tltan,um w ^ respect to the al ove first analysis and the 

e2K -pact to the above seventh analysis and the 

absorbance within a wavelength ^ g^of ,roT 25 o mZSSZT!? ^ ° 1 ^ Value of 

reflection spectrum of titanium oxide and Stands for 1^1 * measurement of an ultraviolet-visible diffuse 
a wavelength range of from 400 nm to M 0 nm 9 Va ' U6 ° f abso *ance-of titanium- oxide within 

a" to K Son S5 S 1 ?"? 1°' 3 CryS,al,i ' te si2e of « ta ™" oxide; and 

the equat.cn (IV), F, stands for a degree of anatase crystalllnity titanium oxide. 

eZl(V^ 

0»»o0to i „ 1 „oana l «d t n. G ,„,apea k „,,n i „ ab ,„ din8enerwrangeo((rom4S8eVto46OeV(<ithrespeciBihe 
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integrated spectrum obtained in the above step m a „w 
(iv) carrying out the same steps as th !! °' 

fourth analysis to obtain a ha,f o^T " W "" h ^ * * a ab - third anaIysis and the 



(V) 

Ui-J,/I, 

(VI) 



wherein, as to the equation M G 9n H u (V|) 

- o, 0 f tl ,„ lum j zszszz srs.tisir* ,w 
bK" T n ' ,ne lmen "°" prov '** * ph °~ — aaM 

luuibj . Further scope of aDDlleahiiitv *f *u 

9iven hereinafter. However, it shoutd ""T aPParSnt ff ° m the datail * d Option 

EE? emb0dlments o' the Invention, are ^I^SSSi^" ^ 6Xamp,es ' While indic " 9 

Brief Description of Drawing 

pel according to an X-ray photoelectr 7°'^™ 2 ^ 0f «** obtained in Exam- 

eighth analyses of titanium oxide obtained in £2? 1*7 ^ Wh ' Ch Was obtained b V the seventh and 
Fjfl. 4 shows a spectrum, which was obtained by Sst EEl? " ^ ph ° t0electron epectroscopy. 
Pie 2 according to an X-ray photoelectron spe^opy and z lT* ° f * a ™ m ° Xide obtained in &«■ 

eighth analyses of titanium oxide obtained in' Ex n 2' ItrZ^y^ T " V the Seventh and 

Fig. 5 shows a spectrum, which was obtained by ^ photoe,ect ™ spectroscopy, 

parage Example 1 according to an X-ray phot2l^«S2SS 1°°* ° f titan ' Um ° Xide ° btained in C ™" 

P^xl^ analyses of titanium oxide obtained in Conv 

seventh and eighth analyses of titanium *S ^Sn cSST I 3 SP6CtrUm ' Which was obtai ^ by the 
tron spectroscopy. ° b,a,ned in Comparative Example 2 according to an X-ray photoelec- 



75 



20 
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Detailed Description of the Invention 

En ^^^^Z^^^^ - 3 - ■ electron 

is not more than about 0.90. The electron s ate ca b ^^StXS ^ 0) iS Qiven ' and its value 

small value of the index X, Is constlJtedwhh bo^, SLIT ♦ by J b ' nd,ng energ * ln 9 eneral - titanium oxide having a 
of low binding ener^ec^ ° f T bind,ng ene ^ alact ™s a n« a titanium ato'm 

oxide whioh has a decreased LTm atSThfah "! * Sa,d ° Xide 18 tUrned int0 titanium 

and?e P condan^ y rsr leCtr " ^ " ^ ^ ** 8 ^ P6r ^ iS 60 SSCOnds « na «** 

fv n 2 ?n S Q te fl n l analy2ir ? f" ?' eCtr0n S,ate ° f 0Xy9en tw0 times " P rovlded that a per analysis is 56 seconds- ana- 
llnll „m ° ■ 3 6 ° f Carb ° n tW ° tim8S ' Pr0Vid6d that 3 time analysis is 80 seconds; and aWyzZ an elec- 
tron state of Mi** two times.provided that a time per analysis is 60 secondare third and forth analyses) 

fno TJ T* Z " 9 an , eleCtr ° n StatS 0< ° Xy9en *» t,mes ' P rovided ,hat a time per analysis is 56 seconds analyz- 
on 11 m T ° f Ca , rb ° n t,meS ' Pr0V,d6d that 8 t,me P flr anal V sis ls 80 eeconds; and aTa^n an elel 
ST. 1 M T1 tW °, tlm8S ' PTOVided ,h3t 3 ,im6 Per ana,yais 18 60 seconds (^e fifth and sixth analyses) 
To ISf' T'T" State ° f 0Xy96n ^ ,,mas '- P rovlded that a «me per analysis 56 secoL.Llyz- 
ng an electron s ate of carbon two times, provided that a.time per analysis Js 50 seconds; and analyzing an elec- 
* tron state of t,tanlum two times, provided that a time per analysis is 60 seconds (the seventh Z feTghSnalyst), 

5th step : analyzing an electron state of oxygen two times, provided that a time per analysis Is 56 seconds- and ana- 
lyzing an electron state of carbon two times, provided that a time per analysis is 80 seconds 

30 Kn'l h th After X ' fay P hotoelectron s Pectra are obtained as to respective analyses of from the first step to the fifth 

222? T reSPSCtiVe in,e9rated SpeCtra °' an eleC,ron 8tata of tltanium « stained 

e ectron spectrum In the first analysis and that In the second analysis. Similarly, respective integrated soectra o 'an 

ti,an,u,n are obtained as to the x - ray photoe,ectra!; s *°«™ s^'ss ^s^: 

35 ivfo ien e A vl al tK W 'f ? 0< 1 18 ° btained fr ° m 8 PSaK °' tltan ' Um presant w,,hin a bindin 9 energy range of from 458 
eV to 460 eV in the Integrated spectrum obtained above. When two or more peaks are found within the bindino enerav 
range of from 461 1 eV to 460 eV, a half-width of a peak is obtained from the highest peak long tern * ^ 
liaht A value of y ?" ^ Calcu ! a,ed ? th " f ° reg ° in9 eqUation <"> shows an absorbin 9 P ow er of titanium oxide to visible 

40 about 0 ! 45 0 " 0?5, ^ ° >1 1 °' ^ ^ Pr6ferably n0t leSS than 

™ ^ e9rat9d value of ab serbance means an area surrounded by the horizontal axis and the diffuse reflec- 
tion spectrum within the appointed-wavelength- range in the ultraviolet-visible diffuse reflection spectrum, provided-that ■ 
I !! «" Ce 3 wavelength are a8si 9" ed Xo a vertica l a *ls and a horizontal axis, respectively. The ultraviolet-visible dif- 
iJJJ ^ e,,actlon 1 8 P ectrum can b e obtained by measurement using, for example, an ultraviolet-visible spectrophotometer 

45 and barium sulfate as a standard white board. 

[0023] Among titanium oxide in accordance with the present invention, preferred is that having a value of the index 
Z, calculated by the following equation (III) of not less than about 0.75, provided that Its crystallite size is assigned as 



so 



ss 



z 1 aY 1 XE 1 (III) 

In this equation, Y, is an index calculated by the equation (II). More preferred value of 2, is not less than about 1 50 
and most preferred value.of Z, is not less than about 1..80. The crystallite size, E 1f can be determined by obtaining a 
half-width of a peak and a peak position (Bragg angle) In the strongest interference line (Miller indices ; 1 01 ) of titanium 
oxide with use of, for example, an X-ray diffractometer, and then by calculating according to Scherrer-s equation 
[0024] Among titanium oxide in accordance with the present invention, preferred is that having a value of the index 
w, calculated by the following equation (IV) of not less than about 0.40, provided that a crystallite size and a degree of 
anatase crystalllnity are assigned as E, and F,. respectively. 
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W i = Y lX E lX F t 



i» tZ... , °' 97 ' p "'" ral "y "ore than atom 0 93 9 ""*"*'" <V) ls ana «• value is not 



45 



50 



55 



[0026] In ord h 7 w * ,,,w,wu, «'»aoouiu.&3. * — ' "** uo va ' u e •» not 

peak positron. Hsra, a lime required baweeeti^- 7 , ™ t8r ' "*** >•'*> carben aa e standard for deteLninn . 

-a* ,0 m ,„ ute , durtns rii:r:jitr: a,8p M ,he cm » Mm - ^ss? : 
- « o, „ anlum ^ , imes , pr „ wea , * .rr^»wr«s5-* 

photoeleotro„ apeelrum In the fim, anatysk Ki^T" SM,e <"»"*»*' "» obtained .a to th. X-ray 

an elecnnn ^ „, tllanlum are .J* VE t^X™ VhST, 8MI "'* reapecti ™ ware of 

fourth analysis. to ,hs """V PMoeleetron spectrum In the third analysis and that In the 

don ep.ot.rn withln th, ^'t^ ^3,41^,^ h °" M " »* - «-e reff.c 
nb.orbane. end wayelengm are assigned to a vertloal 12 ^T, ISZEl f™ "" C,mm ' • m " UM 

EH ■ 'F^^^™*^^^ lnven "° n has pre,srab ^ anK " e ^ ,o 

the .hap.. Titanium oxide in aooordsnoe «h th! «.C^lS 1 k ™ "* " examples of 

s a Ttrr Kts^Sir^ - - »~;^r a fca <«» 

prising the steps of: acc ° rda "«" with the present invention can be produced, for example by a process com- 

BBF Z ^^^~^ titanium oxysu,fate - ,itanium ,etracioride ' *■ 

to 5?2^ an a ^ compound and an amine compound 

(hi) calcining said solid to obtain titanium oxide. ' 

"^ttCl'itT^Ti;'---'*' ~— 

molding a mixture ol titanium oxide In , ,11:. - ™ a Sheet-like photocatatyst obtained by 

extrusion- 

aa : *~ 



J lack 1< it, a <ano „ lamp „„„ P « W»* t »«. «r. .ttrffgN, a „ U 6re SM ra .amp, a h S aloge „ *™ ™ 

EST* an "* a " <1 eu "°" ma> be e,u "" >e ' 1 wl * ,n cToS 

•W with titanium oxkfe h as , „|gp phoL, Jr^tL Z "" ttC ' 01 eUOh mMe,i " s oVcov. 

which Mm ,„„, „,„ J p ? nw W** MM. Preferred ere „ ° aa 

£T set w r *^5es. ,hoM - hfch ftM * « zsz 

^^X^^ epeHorp.o.oc.,^ 

by a comparison between Example 1 and Comparative Exemn.i 1 ^ Sa ' d aCtiVity can be understood easily 
parative Example 2. or by a comparison bJ^SSSSc^^^^ betW66n Examp,e 2 and C ™ 
Example 4 and. Comparative Example 3 P Comparative Example 3. or by a comparison between 

Rat,^ 

bad-smelling substances, for example cigarette smelo sublS^ d8CO "-Poslng N0 X In the air, decomposing 
decomposing undesired substance presZTZTsL^tll ; "T* " Ving Space and wo *lng ^Pace 
-a agents, and '-ersuppres^ 

Example 

CI., s sr jsri sss s r^s ,r„r - - - ~ — — * 

re r o„ep.e,,JLS 

ecttvlt, mereo, „„ a „,„„„„ accora] „ g „ me J'X ".S. ">«rtn«y thereof .„„ the photoctelytlc 

I X-rsy pholoeleclrooic epectrophotometry spectrum 

SSL," ^"iraKTr' 4 *-' ■ ~ - ~ — 

(2) Narrow scan was used as a mode of scan 

(3) Pass E was adjusted to 10 eV. 

(4) Step E was adjbsted to 0.04 eV. 

2. Ultraviolet and visible diffuse reflection spectrum 

532 CorptSr " U,traVi0,et ViSiWe ^Photometer, a trademark of UV-2500PC made by Shi- 
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3. Crystallite size 
[0045] 



:Cu 



X-ray tubular bulb 
Tube voltage 

»' Tube electricity "f kV 

Divergent slit : f 5 mA 

Scattering slit ^ degree 

Light receiving slit i^ 9 ' 86 

Sampling width nn^ 

Scanning speed .0.020 degree 

Measuring integration frequency u^T^ ^ 



15 



?0 



25 



30 



E 1 (nm) = K • X/(p C osG) 

In this equation, K is a constant 0 94 anH i i* ^ VM) 

4< X " 3 — In 9 X.ay wavelength (CuK^ray: 0,54056 run) 

4. Degree of anatase crystalllnlty 



Example 1 
[0047] 



45 



50 
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Hd by SOEKAWA CHEMICAL ^^,^2* ^ Wh » 6 * *> 9 of titanium oxysulfate manu- 

30 lu on with Ice water, 101 g of an Mue^^^JSt™ 1 ; m,Xed t0 obtaln ■ Glutton. Wh'ile cooling he 
ical Industries. Ltd. was added dropwise thereto lZ?oo , . (Sp6C,al grada > ™™factured by Wako Pure Cham 
separated by fixation and dried. Ty!^Z^£^^ thereby precipitating a so.ld. The'soS obta ne Z 

£ - — er of a cm. .height of,, 
ng o, only the particle titanium oxide obtaineS abot w l s 2 In ZTl V ZV** ^ A e^a'yst consisT 
filed with a mixed gas of oxygen and nltroqen In Zi!!? P6t " dlSh ' The lnside of the reaction vessel was 

Put hermetl cally therein, foi.owed by ,r 3 0n with vSZ.S hi ' * "? 45 >™* of "^hyd Z 
0049] A lighting apparatus. A trademark of OPTICAL M^nnTc v 2!? n£|th ° f not less than 43 0 nm 
^9h source. The apparatus was equipped wft °I u2t!£??^ s ™*00XQ made by Ushio Inc was used as a 
GLASS CORPORATION, which L^^^SS^^ *"\ 3 ,rademark ° f Y " 45 made b V ASAHI TECHNO 
mark of SUPER COLD FILTER made ^otetE! h " ^ 1 1 3 " '' nfrared "putting filter a trade 

(SJOWxanon lamp), a trademark of UXwS« ^^^1* 38 Sh ° Wn in *° *■ 6 d ' <X 
aldehyde was evaluated in terms of concentra«oTof c5^„ J « A Photocatalytic activity of the photocatalyst to act 

hy e , which was generated undQr t : nt ^l ^ 

Photoacoustic multi-gas monitor. 1312 type made ^bvUoJi tk ^ concentrati °n was measured using a 
1 9.36 nmol/h • g-catalyst. * P mad6 by INN0VA ' The P r ° d "*'°n rate of carbon dioxide was found to be 
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Example 2 
[0050] 



[0050] in a 500 ml volume eggplant-tVDe flask ?n „ „♦ . 

manufactured by SOEKAWA CHEMICAL Co' LTD was ZSZt'^ ^ ^ * 30 9 °' ^ 
Using an evaporator (60 °C). the solution was eu^Jt^t '™ 0 * UC6d therein and mixed to obtain a solution 
WhJ. cooling the concentrated *JZZ£2ZX££ To of !? ^ W6 ' 9ht ^ * titanium 
grade manufactured by Wako Pure Chemical Industtes Ltc ll W 1 aqU6 ° US 25% ammonia solu,ion Special 
opitatmg a solid. The solid obtained was seoaratpd h! « d6d dr0pwise theret0 over 5 seconds thereby ore- 
air at 400 »C for 1 hour to obtain TpaZeZZolTTZ Tf ^ Pf ° dUCt obtained ™ "225 n 

Comparative Example 1 ,\ 

[0052] p-Titanium hydroxide manufactured by KISHIDA CHPiviir/n rn , ™ 

hour to obtain titanium oxide. Crystal structure o7 saW 221,™ 1 u . " LTD " W3S Ca ' Cined in * lr 31 400 ° c tor 1 
Comparative Example 2 

of only titanium oxide, a trademark of P-25 . 

nmol/h-g-catalyst. Physical pnv^^SZZl^.^^^™* ° f Carb ° n d '° Xide W3S foUnd t0 be 0 0 
thereof are as shown in Table 1 and Fig. eTespectlvely. V photoelectronic spectrophotometry spectrum 



Example 3 
[0055] 



an aqueous 25% ammonia solutionis, grS Tanufec^ T"" 9 *• S °' Uti0n With ice water - 1 41 9 °< 
dropwise thereto overdo minutes, thereby pre^ ,ndustries - added 

and dried. The dried product obtained JteS^J^LV* so Id obtained was separated by filtration, washed 
tal structure of said titanium oxide obteZ w£ o2nd t b! InVnJ ?*" 5 ° btain 3 PaC " de ,itanium oxide - A cr ys- 
and X-ray photoelectronic spectropho^ Ph ^ sical P"***" of said titanium oxfde 

[0056] Successively, in a closed pXZmmZ «ctl ?k°T Tab ' 6 2 and Fig " 7 ' respectively, 
and a volume of about 0 5 lite, a olassSeVeS IZn ^ 8 diameter bf 8 cm ' a n6i 9 nt of 10 cm 

trademark of UI-502Q (starter XB-501 ^MA-A) made b\f Ushio ST T ^ A ' i9htin9 apparatUS " a 

equipped with an ultraviolet cut-off filter a trademaTk o^ L m Jn h^u™ 35 8 " 9ht S ° Urce ' T he apparatus was 
had spectra, characteristics as s own I 2 1a a ^SSK " TE ™ N ° GLASS CORP °^TION, which 
Ushio Inc. A photocatalyst consisting o on lv tha ' J™" ' amP) ' 3 trademark of U X>-500D made by 
Inside o, the reaction vessel JHK^l^JET ° X ' de ° btained ab0ve was P* °" the petri dish. The 
38 umol of acetaldehyde wa ? u , i^r^MuSTH * nd " ,t ? 9en ln a volume ra «° * 1 4. and thereafter 
less than 430 nm. A photocatalyti aS o th» „h / 7 ? Y rraC " atl0n With Visible liaht havin 9 wavelength of not 
of carbon dioxide (a ISS^SS^^ST^^J!^^ * t6rmS of Oration 

provided that said concent^n ^S^SX^T^^ 96nerated Under the irradiation - 

rate o, carbon dioxide was fo 111^™*"* {MmmbU C ° rp ° rati ° n >- The ^<*°» 



Example 4 
[0057] 



ess zxrrrs « srr^r rr (spadai ^ « 

25% ammonia solution t^ZZS^S^t 2 1 ?T T"" «*" 1=8 ™ !,er ' 36 « * 
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[0059] Example 3 was reDeated 



70 



75 



v 



25 



30 



35 



-40 



index X 1 (aB^A, ) 
Half-width A, (eV) 
Half-width Bt (eV)~ 
mdexY^D^ )" 
Wegrated value C 1 o^ab sorbance" 
integrated value D 1 of absorbance" 



Index Z, fcYjXE,) 
crystallite size E 1 (nmj" 

Degree, of anatase crystall lnltv F 1 (.) 

Production rate of C0 2 ( U mo |/h . g" 
catalyst) y 



Example 1 



Table 1 
Example^ 



Comparative 
Example 1 



Comparative 
Example 2 



Table 2 
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Table 2 (continued) 



integrated value I, of absorb ^ 
integrated value j 1 of abs orbance~ 
production rate of CU 2 ( u mo ^ h ! 0 . cat ^ 



Claims 



Example 3 



295.6 
57.8 
23.4 



Example 4 



263.9 
31.4 
0.75 



Comparati 
*246.4 
31.0 



Example 3 



0.3 



1. ^aniu. oxide having an index x , ca|cu|ated by ^ ^ ^ ^ 

Xi-B^A, 

of not more than about 0.90, and 

an index Y, calculated by the following equation (II): 



(I) 



(H) 



Yi=D,/C, 

of not less than about 0 075 

A, ^ * tep™, ,. spMve ha ,.« ht „ Msks ^ ^ ^ ^ ^ ^ ^ 

*. "card .„„ y!ls 9 8P """ m °' an , ' ec, ">" »' «anlu m wM, r.ap.0, to «,. £L JM an alysls „„„ 

s^^rzrj^rp^"*^-^^-r 

Titanium a,,* .ccot*, , 0 elata , „.„„„ .„ ^ ^ ^ ^ ^ ^ 



! Y, x£. 



(Ill) 



of not less than about 0 75 

wherein Y, ,s as defined In'clalm 1 and E, represents the crystallite size of titanium oxide. 
3- Titanium oxide according to Calm 2 having an ,ndex W, calculated by the fol.owing equation (IV) 

of not less than about 0 40 
oTSu^ 

4. Titanium oxide having an index V, calculated by the following equation (V): 

V, 



(IV) 



:H,/G, 



(V) 



of not more than about 0 97 

ST S ' 8M H ' ,eP " Sen ' ' eSPea - P*- —> - — by ft. Ptocess co„s i8li „ 9 0 , , h . 
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(0 analyzing titanium oxide four times according to an X rav nh , , 

(ii) obtaining an Integrated spectrum of ZT? V photoelectron spectroscopy, 

the second analysis^ ° f an State °' ««*m with respect to the above first analysis and 

!° 2J2 ^7 fan9e 0f f ™ 458 -V to 460 eV with respect 



Titanium oxide according to c.aim 4 having an index U, calculated by , 

(VI) 



the following equation (VI): 

Ul-Jl/I, 

of not less than about 0 14 

6. Titanium oxide according ,o c.aim 4, wherein said titanium has anatase phase. 

7. Titanium oxide according to Calm 5, wherein said titanium has anatase phase. 

8. A photocatalyst comprising titanium oxide as Caimed In any one of Calms 1 to 7 as a cata,yst component. 

9. A photocatalytlc coating agent, which comprises: 

(i) a solvent; and 

(ID a photocatalyst comprising titanium oxide as Caimed in any one of Calms 1 to 7 as a catalyst component 

1 0. A matena, coated with a photocatalyst as claimed in Cairn 8 or photocataiytic coating agent as Caimed in claim 9. 

1 1 . Use of titanium oxide as claimed in any one of claims 1 to 7 as a photocatalyst. 
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